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ABSTRACT

Autoimmune diseases (AD) affect a significant portion of the population and involve complex interactions between
genetic and environmental factors. Upadacitinib, a newly approved JAK1 inhibitor, is showing promise in the treatment
of AD and is undergoing clinical trials for various inflammatory disorders. Its pharmacokinetics demonstrate a high
degree of solubility, a moderate protein binding, and a mostly CYP3A4-mediated metabolism. Strong CYP3A4 inducers
and inhibitors should be monitored during treatment with Upadacitinib. Clinical studies have shown that it effectively
treats Rheumatoid Arthritis both as monotherapy and in conjunction with other treatments, with a favourable benefit-
risk profile. Upadacitinib has higher efficacy in treating Atopic Dermatitis (AD) symptoms and enhancing quality of life,
both when used alone and in conjunction with topical corticosteroids. It exhibits promise as a strong JAK1 inhibitor in
Psoriatic Arthritis (PsA), attaining main goals and relieving joint and skin symptoms. Research are being carried out
regarding the best dosage methods. Upadacitinib represent a promising treatment for several immune-mediated
inflammatory disorders.
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INTRODUCTION

Autoimmune diseases (AD) encompass over 70 distinct conditions that impact around 5% of the
population in Western countries. These disorders exhibit considerable diversity in terms of the tissues
they target, the age at which they manifest, and their responsiveness to immunosuppressive therapies. A
common characteristic among AD is the involvement of both humoral and cellular immune responses in
causing tissue damage. It is widely acknowledged that AD arises from complex interaction between
genetic and environmental factors, many of which remain unidentified [1-4]. Upadacitinib, a newly
approved JAK1 inhibitor by the US Food and Drug Administration (FDA), is used to treat adults with
moderately to severely active Rheumatoid arthritis (RA) when methotrexate is ineffective or not
tolerated.(5). It is now being examined in clinical trials for the treatment of different inflammatory
disorders and is undergoing regulatory evaluation by several organisations worldwide. (6-9).
Upadacitinib strongly targets JAK1 while showing lower potency against JAK2, JAK3, and TYKZ2 isoforms.
The premise for developing Upadacitinib is that its heightened JAK1 potency could enhance RA treatment
efficacy while minimizing interference with essential physiological JAK enzyme functions like
hematopoiesis and immune responses. (10,11)

Pharmacokinetics of Upadacitinib

At clinically relevant doses, Upadacitinib is extremely permeable and highly soluble in the pH range of 1-
7.5.(12). To plasma proteins, Upadacitinib is 52% bound. (6); As a result, displacement from plasma
proteins is not anticipated to result in any meaningful interactions. Cytochrome P450 (CYP) enzyme 3A is
the primary in vitro metabolizer of Upadacitinib, with CYP2D6 contributing in a negligible way.(12) The
CYP enzymes (CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and CYP3A4), as well as the
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transporters P-glycoprotein (P-gp), didn't get inhibited or stimulated by Upadacitinib.(11) The
metabolism of Upadacitinib may be influenced by potent inhibitors or enhancers of the enzyme
CYP3A4.The Cmax and AUC were increased by 70% and 75%, respectively, following the injection of
ketoconazole, a potent CYP3A4 inhibitor. Upadacitinib 15 mg once day should be used carefully in
patients undergoing chronic treatment with potent CYP3A4 inhibitors, and when administered for an
extended period, alternatives to potent CYP3A4 inhibitor drugs should be taken into consideration.
administration of Rifampicin, a potent inducer of CYP3A4, resulted in a 50% and 60% reduction in Cmax
and AUC respectively. As a result, if Upadacitinib is given along with strong CYP3A4 inducers, patients
should be observed for changes in disease activity. (13,14) In phase 1 studies, the pharmacokinetics of
Upadacitinib were assessed after immediate-release (IR) capsules were given to healthy participants in
single doses ranging from 1 to 48 mg, multiple doses ranging from 3 to 24 mg twice daily to healthy
participants, and 6 to 24 mg twice daily to participants with rheumatoid arthritis. The maximal
Upadacitinib plasma concentration was reached after taking the Upadacitinib IR formulation within two
hours of intake, following which plasma levels began to fall biexponentially. With twice-daily
administration of the IR formulation, there was minimal Upadacitinib accumulation in plasma, and
around 20% of the drug dose was unchangedly removed in urine.(15)

Table 1: Pharmacokinetics characteristics of Upadacitinib(14)

Characteristic Profile

Absorption 2-4 hours for tmax.

Distribution 52% of protein binding

Metabolism Primarily CYP3A4 and a small contribution of CYP2D6

Predominantly in faeces (38%), and in urine (24%) as the
Elimination parent substance that has not changed.
Half-life of terminal elimination; average: 9-14 h.

Table 2: Dosing Recommendations of Upadacitinib based on Patient Characteristics(14)

Intrinsic factor Effect Recommendation

Age, gender, - . . I Based on these characteristics,

. No clinically significant impact on Upadacitinib e .
weight, race, and eXDOSUTre Upadacitinib dose change is not
ethnicity p necessary.

No dose adjustment is needed in
patients with mild or moderate renal
impairment.

However, for patients with severe renal
impairment, the recommended dose is
15 mg once daily.

Upadacitinib exposure (AUC) increases with kidney
impairment (18% in mild, 33% in moderate, 44% in
severe).

Peak concentration (Cmax) remains similar across
kidney function levels.

renal dysfunction

Upadacitinib's area under the curve (AUC) was 28%
greater in people with mild hepatic impairment and
24% higher in people with moderate hepatic
impairment than it was in people with normal liver
function.

Upadacitinib's Cmax was constant with individuals
who had normal liver function. The Cmax of
Upadacitinib was 43% greater in people with mild
hepatic impairment than it was in people with
normal liver function.

In patients with severe (Child-Pugh C) hepatic
impairment, Upadacitinib was not examined.

Dose adjustment is not needed in the
patients with a mild (Child-Pugh A)or
a moderate (Child-Pugh B) hepatic
impairment.

In individuals with severe (Child-Pugh
C) hepatic impairment, Upadacitinib
should not be utilised.

Hepatic
impairment

Therapeutic Role of Upadacitinib

Rheumatoid Arthritis

Rheumatoid arthritis (RA) is defined by persistent inflammation throughout the body, primarily affecting
the synovial joints, which can ultimately result in bone erosion, deformities, and functional impairment.
(16). RA is influenced by numerous cytokines in its pathophysiology, such as tumor necrosis factor (TNF)-
a, interferon-y, interleukin (IL)-1, IL-2, IL-6, IL-8, and IL-17. Within the cell, Janus kinases (JAKs) serve as
intracellular enzymes responsible for transmitting signals from these cytokines or growth factors,
participating in a variety of cellular processes like inflammatory responses, hematopoiesis, and immune
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surveillance. The JAK family operates in pairs to phosphorylate and activate signal transducers and
activators of transcription (STATs). This phosphorylation, in turn, determines gene expression and
cellular function. Specifically, JAK1 plays a crucial role in transmitting signals from inflammatory
cytokines. (14,17) With the advancement of biologic and targeted synthetic disease modifying
antirheumatic drugs (DMARDs) (bDMARDs and tsDMARDs, respectively), Over the past 20 years, RA
treatments have evolved. As an outcome, Finally, early diagnosis is now possible for many patients and
treated quickly, resulting in remission or minimal disease activity. However, there are still some patients
who do not respond to current medications and require other treatment options in order to manage their
health and lessen disease-related disability.(18,19) Janus kinase (JAK) enzyme activity is inhibited by JAK
inhibitors (JAKi), which prevents cytokine signals from being transmitted and cytokine activities from
occurring. Because of their mode of action, JAK inhibitors are potent therapeutic agents for the
management of RA (17,20). Currently, tofacitinib, baricitinib, and, more recently, Upadacitinib and
filgotinib have all received approval from the European Medicine Agency (EMA) for the treatment of RA.
Baricitinib, tofacitinib and Upadacitinib have also received approval from the US Food and Drug
Administration (FDA) for this indication.(21). Upadacitinib reduces the effects on natural killer cells and
reticulocytes while preferentially inhibiting the activity of JAK1-dependent cytokines such asIL-6 and
interferon-y. (14,21,22). A new drug application was presented to the FDA for Upadacitinib in December
2018. It has since received approval from both the FDA in August 2019 and the European Medicines
Agency (EMA) in December 2019 for the treatment of RA, with the recommended dosage being 15 mg per
day.(14). Upadacitinib has shown to be effective in treating RA in a variety of populations, resulting in a
notable improvement in RA symptoms and signs as well as a reduction in the disease's radiographic
progression and a significant improvement in patient-reported outcomes (PROs), such as pain and quality
of life.(23) Similar to biologic disease-modifying antirheumatic medicines (bDMARDs), JAK inhibitors are
being suggested as a potential treatment for rheumatoid arthritis (RA). (24), even though they are often
used only when biological medications fail to work. The oral route and their effectiveness as
monotherapy (i.e, without concurrent use of conventional synthetic (cs) DMARDs, particularly
methotrexate (MTX)) have emerged as advantages over biological medicines.(25) Except for a few safety
issues associated with JAKi, such as herpes zoster and blood creatine phosphokinase, which have been
reported more frequently, the safety profile of this medication has undergone careful evaluation. The
incidence of various side events appears similar to those seen with biological medicines. In observational
studies, some potential issues, such as cardiovascular events, thrombosis, and cancer, will need to be the
focus of long-term pharmacovigilance.(26)

ATOPIC DERMATITIS

Atopic dermatitis (AD) is a commonly occurring inflammatory skin condition marked by severe itching
and recurrent eczematous (eczema-like) lesions. The extreme itching brought on by AD has a substantial
negative impact on the quality of life and sleep, especially in those with moderate to severe disease.
Between 16% and 71% of patients are thought to be affected by this illness, with estimates varying by age
group and location.(27-29) AD in adults may persist from childhood or may begin or reoccur in
adulthood.(30,31) The occurrence of atopic dermatitis (AD) is not age-related and may develop at any
point in life. Over the course of a patient's lifetime, AD symptoms may persist, resurface, or worsen
(flare). Long-term persistence of the ailment is more prevalent in those with moderate-to-severe versions
of the disease emphasizing the significance of good management and treatment techniques, especially for
those who experience more severe symptoms. (32,33). AD is characterized by T-cell activation, both in
the skin and the blood, but it is a complex and diverse disease. Different cytokine pathways, including the
TH2 and TH22 pathways, are activated in AD. Furthermore, TH1 and TH17 cells tend to be involved in
several disease subtypes. This diversity in the immune response highlights AD's multifaceted nature, with
different individuals experiencing variations in the underlying immune mechanisms driving the
condition. (34-36) Therefore, to achieve widespread efficacy, several cytokine axes may have to be
targeted. Numerous cytokines involved in the pathogenesis of AD, such as TH2 cytokines (IL-4, IL-5, IL-
13], IL-22, IL-31, IL-33, chemokines, thymic stromal lymphopoietin, and IFN-g, for example, act through
intracellular signaling involving the Janus kinase (JAK) and signal transducer and activator of
transcription pathways.(37) Preclinical studies exhibit a potential role for JAK inhibitors in the treatment
of AD by demonstrating how the interruption of JAK1 signaling minimizes persistent itch through
pathways involving TH2 cytokines, which may also directly stimulate neurons to elicit itching. The
creation of novel drugs to interfere with this intracellular signaling pathway implicated in the immune
responses associated with atopic dermatitis has been made possible by the increased understanding of
the atopic dermatitis’s pathogenesis and the function of Janus kinase/signal transducer and activator of
transcription (JAK/STAT) pathways. JAK inhibitors are currently a major area of interest in atopic
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dermatitis therapeutic research. Upadacitinib, an oral reversible small molecule that preferentially
inhibits JAK1 over JAK2, JAK3, and tyrosine kinase 1, inhibits the JAK/STAT system and is now being
studied for a few immune-mediated inflammatory illnesses. Reducing JAK2 and JAK3 inhibition may
lessen side effects like anemia and infections.(38-41) Results from two ongoing phase 3 randomized,
double-blind, replicate studies known as Measure Up 1 and Measure Up 2, have shown that both the 15
mg and 30 mg doses of Upadacitinib are superior to placebo (PBO). As monotherapy, both Upadacitinib
dosages are well tolerated; they significantly reduce skin signs, itch, and pain; and improve the patient's
health-related quality of life. Through 16 weeks, adults and adolescents with moderate-to-severe AD
consistently show higher thresholds of skin improvement (i.e., >_90%/ >_100% improvement in Eczema
Area and Severity Index [EASI-90/EASI-100]).(42) Systemic treatments are frequently combined with
topical corticosteroids (TCS) to treat moderate-to-severe AD symptoms.(43)The primary results from a
pivotal phase 3 clinical trial for AD demonstrate that the combination of Upadacitinib and TCS is well-
tolerated and way more effective than a PBO + TCS in treating moderate-to-severe AD in both adolescents
and adults. Patients getting either dose of Upadacitinib + TCS much more frequently show significant
improvements, including more than 75% improvement in the Eczema Area and Severity Index (EASI-75),
EASI-90, and EASI-100, as well as a validated Investigator’s Global Assessment of AD (vIGA-AD) rating of
clear or almost clear with at least a 2-grade improvement (vIGA-AD 0/1), when compared to those
receiving PBO + TCS.(44,45) Results from the current phase 3, double-blind AD Up research show that
Upadacitinib plus topical corticosteroid (TCS) has a favourable benefit-risk profile in individuals with
moderate-to-severe atopic dermatitis. The patients received combination therapy consisting of
Upadacitinib 15 mg + TCS, Upadacitinib 30 mg + TCS, and PBO + TCS. Upadacitinib 15 mg + TCS and
Upadacitinib 30 mg + TCS remained effective until week 52 for all end goals. At week 52, 33.5% and
45.2% of patients receiving Upadacitinib 15 mg + TCS and Upadacitinib 30 mg + TCS, respectively,
achieved EASI-75; 45.3% and 57.5%, respectively, experienced WP-NRS improvement >_4; and 50.8%
and 69.0%, experienced vIGA-AD 0/1. Through 52 weeks, Upadacitinib +TCS was well tolerated; no
additional significant safety concerns beyond those listed on the label were found. There were no
recorded fatalities, and significant adverse cardiovascular events and venous thromboembolic incidents
were infrequent. (46)

Psoriatic Arthritis

Psoriatic arthritis (PsA) is a chronic systemic inflammatory condition characterized by a diverse range of
clinical manifestations. It commonly involves joint inflammation and together with cutaneous psoriasis
which affect up to 40% of psoriasis patients(47,48). Based on patient classification criteria and genetic
variations by geographical area, PsA prevalence varies. For instance, 4%-30% of people worldwide have
PsA, according to reports (49). With estimated pooled prevalence and incidence of 133/100,000 and
83/100,000, respectively, men and women are equally afflicted (50) . The JAK1-STAT3-STAT5
transcriptional pathway, which is linked to particular joint T cell populations, is expressed more
frequently in PsA (51). The frequency of CD4+CD11a+CD45R0+IL-17+T cells can be controlled by a JAK
inhibitor, according to studies. Furthermore, JAKi has been shown to reduce dendritic cell T cell-
stimulatory capacity by suppressing type I interferon signalling as demonstrated by the induction of
enthesitis in an A20melKO animal model. JAKi can do this by inhibiting monocyte-derived dendritic cell
differentiation through the production of reactive oxygen species and NOX5.(52-55) Patients with PsA
are either primary or secondary non-responders to existing medications or are intolerant to them,
highlighting the need for alternative targets with new mechanisms of action, such as Janus kinase
inhibitors (JAK inhibitors) (56). UPA was recently granted approval by the EMA for the treatment of
active PsA in patients who are intolerant to DMARDs or who have had an insufficient response to one or
more DMARDs or conventional therapy (47). With little impact on the other isoforms, it is a powerful
JAK1 inhibitor. IL-2, IL-6, IL-15, and -IFN are only a few of the cytokines that have an impact on the JAK1
receptor activation. Following the SELECT-PsA studies, which proved its safety and efficacy in treating
PsA, the EMA approved it in January 2021 (48). Upadacitinib recently met the primary objective of an
ACR20 response after 12 weeks in adult PsA patients who had not responded to conventional or biologic
DMARDs in two phase 3 psoriatic arthritis clinical trials (SELECT-PsA 1 and 2) (57,58). Upadacitinib
consumers in the Select PsA 1 study also reported superior results in terms of physical function (HAQ-DI
at week 12) and skin symptoms (PASI-75 at week 16), with a higher percentage reaching minimum
disease activity (MDA) after six months in contrast to the placebo group.(57). In the Select-PsA 2 study,
the efficacy of the treatment was sustained for 56 weeks, showing the ongoing positive effects on both
joint and skin disease. Additionally, dactylitis (inflammation of the fingers or toes) and enthesitis
(inflammation of the regions where tendons or ligaments join to bones) both showed improvement. This
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suggests that the medication was helpful in treating the symptoms of psoriatic arthritis (PsA), including
enthesitis and dactylitis, over a long length of time in addition to regulating joint and skin symptoms (58).
Across the spectrum of plasma concentrations reported in both SELECT PsA trials at 12 and 24 weeks, the
15 mg Upadacitinib dose showed the highest efficacy to adverse event ratio (59). Appropriate dose for
instant release (IR) forms of between 1 and 48 mg and for extended release (ER) forms between 7.5 and
45 mg. A population pharmacokinetic investigation revealed that the former had a 76.2% lower oral
bioavailability than the latter. (60-62).

CONCLUSION

JAK1 inhibitor Upadacitinib has been approved to treat a variety of autoimmune and inflammatory
disorders, including psoriatic arthritis (PsA), rheumatoid arthritis (RA), and atopic dermatitis (AD). The
article begins by highlighting the complexity of autoimmune disorders, emphasising the role of genetic
and environmental variables, cellular and humoral immune responses, and the necessity for efficient
therapies. Upadacitinib's pharmacokinetics are examined, highlighting its high solubility and
permeability, modest plasma protein binding, and predominant CYP3A4 metabolism. Clinical trials on
Upadacitinib has demonstrated promise as a rheumatoid arthritis therapeutic choice, especially for those
who are not responsive to current medications. It is a favourable option because of its selective
suppression of JAK1-dependent cytokines. The article also states the regulatory authorities' approval of it.
Atopic dermatitis highlights the adverse impacts of this inflammatory skin condition on patients' quality
of life as well as the effectiveness of JAK inhibitors like Upadacitinib in emphasising on the cytokine
pathways related to AD. Clinical trials demonstrate its efficacy in improving skin symptoms and patient-
reported outcomes. The article also emphasises Upadacitinib's acceptance as a therapy option for
psoriatic arthritis patients that are not responding to conventional or biologic DMARDs. The SELECT-PsA
studies have achieved their primary goals, increased physical function, and decreased skin complaints. In
conclusion, Upadacitinib appears to be an efficient treatment for a variety of autoimmune and
inflammatory disorders, with an emphasis on RA, AD, and PsA. In addition to its clinical effectiveness and
safety profile, its specific suppression of JAK1-dependent cytokines highlights it in a favourable position
to be a useful addition to the treatment choices for these difficult situations. To completely understand its
role in the management of these disorders, however, additional research and long-term safety monitoring
will be required.

REFERENCES

1. Selmi C, Mayo M], Bach N, Ishibashi H, Invernizzi P, Gish RG, et al. (2004): Primary biliary cirrhosis in
monozygotic and dizygotic twins: Genetics, epigenetics, and environment. Gastroenterology. Aug;127(2):485-92.

2. Burek CL, Talor M V. (2009): Environmental triggers of autoimmune thyroiditis. ] Autoimmun. Nov;33(3-4):183-
9.

3. Dedeoglu F.(2009): Drug-induced autoimmunity. Curr Opin Rheumatol. Sep;21(5):547-51.

4. Selmi C, Gershwin ME. (2009): The role of environmental factors in primary biliary cirrhosis. Trends Immunol.
Aug;30(8):415-20.

5. Mohamed MEF, Klunder B, Othman AA. (2020): Clinical Pharmacokinetics of Upadacitinib: Review of Data
Relevant to the Rheumatoid Arthritis Indication. Clin Pharmacokinet. May 23;59(5):531-44.

6. Guttman-Yassky E, Thaci D, Pangan AL, Hong HC ho, Papp KA, Reich K, et al. (2020): Upadacitinib in adults with
moderate to severe atopic dermatitis: 16-week results from a randomized, placebo-controlled trial. Journal of
Allergy and Clinical Immunology. Mar;145(3):877-84.

7. Mohamed MF, Klunder B, Lacerda AP, Othman AA. (2020): Exposure-Response Analyses for Upadacitinib
Efficacy and Safety in the Crohn’s Disease CELEST Study and Bridging to the Extended-Release Formulation. Clin
Pharmacol Ther. Mar 22;107(3):639-49.

8. Ghosh S, Louis E, Loftus Jr E V, Reinisch W, Cataldi F, Zhou W, et al. (2019): P283 Bowel urgency in patients with
moderate to severe ulcerative colitis: prevalence and correlation with clinical outcomes, biomarker levels, and
health-related quality of life from U-ACHIEVE, a Phase 2b study of Upadacitinib. | Crohns Colitis. Jan
25;13(Supplement_1):5240-1.

9. Danese S, Vermeire S, Zhou W, Pangan A, Siffledeen ], Habuterne X, et al. (2021): OP24 Efficacy and safety of
Upadacitinib induction therapy in patients with Moderately to Severely Active Ulcerative Colitis: Results from
the phase 3 U-ACHIEVE study. ] Crohns Colitis. May 27;15(Supplement_1):S022-4.

10. Sandborn W], Ghosh S, Panes ], Schreiber S, D’Haens G, Tanida S, et al.(2020): Efficacy of Upadacitinib in a
Randomized Trial of Patients With Active Ulcerative Colitis. Gastroenterology. Jun;158(8):2139-2149.e14.

11. Sandborn W], Feagan BG, Panes ], D’'Haens GR, Colombel JF, Zhou Q, et al. (2017): Safety and Efficacy of ABT-494
(Upadacitinib), an Oral Jakl Inhibitor, as Induction Therapy in Patients with Crohn’s Disease: Results from
Celest. Gastroenterology. Apr;152(5):S1308-9.

12. Mohamed MEF, Trueman S, Othman AA, Han JH, Ju TR, Marroum P. (2019): Development of In Vitro-In Vivo
Correlation for Upadacitinib Extended-Release Tablet Formulation. AAPS J. Nov 25;21(6):108.

ABR Vol 15 [4] July 2024 277|Page © 2024 Author



13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Mohamed MEF, Klunder B, Othman AA. (2020): Clinical Pharmacokinetics of Upadacitinib: Review of Data
Relevant to the Rheumatoid Arthritis Indication. Clin Pharmacokinet. May 23; 59(5):531-44.

Sanmarti R, Corominas H. (2023): Upadacitinib for Patients with Rheumatoid Arthritis: A Comprehensive
Review. ] Clin Med. Feb 21;12(5):1734.

Mohamed MEF, Camp HS, Jiang P, Padley R], Asatryan A, Othman AA.(2016): Pharmacokinetics, Safety and
Tolerability of ABT-494, a Novel Selective JAK 1 Inhibitor, in Healthy Volunteers and Subjects with Rheumatoid
Arthritis. Clin Pharmacokinet. Dec 6;55(12):1547-58.

Genovese MC, Kremer ], Zamani O, Ludivico C, Krogulec M, Xie L, et al. (2016) : Baricitinib in Patients with
Refractory Rheumatoid Arthritis. New England Journal of Medicine. Mar 31;374(13):1243-52.

Smolen JS, Aletaha D, Barton A, Burmester GR, Emery P, Firestein GS, et al. (2018): Rheumatoid arthritis. Nat Rev
Dis Primers. Feb 8;4(1):18001.

Burmester GR, Pope JE. (2017): Novel treatment strategies in rheumatoid arthritis. The Lancet.
Jun;389(10086):2338-48.

Fragoulis GE, Mclnnes IB, Siebert S. (2019): JAK-inhibitors. New players in the field of immune-mediated
diseases, beyond rheumatoid arthritis. Rheumatology. Feb 1;58(Supplement_1):i43-54.

Morinobu A. (2020): JAK inhibitors for the treatment of rheumatoid arthritis. Immunol Med. Oct 1;43(4):148-55.
Spinelli FR, Meylan F, O’Shea ]], Gadina M. (2021): JAK inhibitors: Ten years after. Eur | Immunol. Jul
31;51(7):1615-27.

Parmentier JM, Voss ], Graff C, Schwartz A, Argiriadi M, Friedman M, et al. (2018): In vitro and in vivo
characterization of the JAK1 selectivity of Upadacitinib (ABT-494). BMC Rheumatol. Dec 28;2(1):23.

Nash P. (2021): Clinical use of Jak 1 inhibitors for rheumatoid arthritis. Rheumatology. May
5;60(Supplement_2):1i31-8.

Smolen ]S, Landewé RBM, Bijlsma JW], Burmester GR, Dougados M, Kerschbaumer A, et al. (2020): EULAR
recommendations for the management of rheumatoid arthritis with synthetic and biological disease-modifying
antirheumatic drugs: 2019 update. Ann Rheum Dis. Jun;79(6):685-99.

Rocha CM, Alves AM, Bettanin BF, Majolo F, Gehringer M, Laufer S, et al. (2021): Current jakinibs for the
treatment of rheumatoid arthritis: a systematic review. Inflammopharmacology. Jun 27;29(3):595-615.
Fleischmann R. (2022): Recent issues in JAK inhibitor safety: perspective for the clinician. Expert Rev Clin
Immunol. Mar 4;18(3):295-307.

Weidinger S, Novak N. (2016): Atopic dermatitis. The Lancet. Mar;387(10023):1109-22.

Drucker AM. (2017): Atopic dermatitis: Burden of illness, quality of life, and associated complications. Allergy
Asthma Proc. Jan 1; 38(1):3-8.

Silverberg JI. (2017): Public Health Burden and Epidemiology of Atopic Dermatitis. Dermatol Clin.
Jul;35(3):283-9.

Kim JP, Chao LX, Simpson EL, Silverberg JI. (2016): Persistence of atopic dermatitis (AD): A systematic review
and meta-analysis. ] Am Acad Dermatol. Oct;75(4):681-687.e11.

Lee HH, Patel KR, Singam V, Rastogi S, Silverberg JI. (2019): A systematic review and meta-analysis of the
prevalence and phenotype of adult-onset atopic dermatitis. ] Am Acad Dermatol. Jun;80(6):1526-1532.e7.
Langan SM, Irvine AD, Weidinger S. (2020): Atopic dermatitis. The Lancet. Aug;396(10247):345-60.

Kim JP, Chao LX, Simpson EL, (2016): Silverberg JI. Persistence of atopic dermatitis (AD): A systematic review
and meta-analysis. ] Am Acad Dermatol. Oct;75(4):681-687.e11.

Suarez-Farinas M, Dhingra N, Gittler ], Shemer A, Cardinale I, de Guzman Strong C, et al. (2013): Intrinsic atopic
dermatitis shows similar TH2 and higher TH17 immune activation compared with extrinsic atopic dermatitis.
Journal of Allergy and Clinical Immunology. Aug;132(2):361-70.

Noda S, Suarez-Farinas M, Ungar B, Kim S], de Guzman Strong C, Xu H, et al. (2015): The Asian atopic dermatitis
phenotype combines features of atopic dermatitis and psoriasis with increased TH17 polarization. Journal of
Allergy and Clinical Immunology. Nov;136(5):1254-64.

Brunner PM, Guttman-Yassky E, Leung DYM. (2017): The immunology of atopic dermatitis and its reversibility
with broad-spectrum and targeted therapies. Journal of Allergy and Clinical Immunology. Apr;139(4):S65-76.
Bao L, Zhang H, Chan LS. (2013): The involvement of the JAK-STAT signaling pathway in chronic inflammatory
skin disease atopic dermatitis. JAKSTAT. Jul 15;2(3):e24137.

Oetjen LK, Mack MR, Feng ], Whelan TM, Niu H, Guo C], etal. (2017): Sensory Neurons Co-opt Classical Immune
Signaling Pathways to Mediate Chronic Itch. Cell. Sep;171(1):217-228.e13.

Parmentier JM, Voss ], Graff C, Schwartz A, Argiriadi M, Friedman M, et al. (2018): In vitro and in vivo
characterization of the JAK1 selectivity of Upadacitinib (ABT-494). BMC Rheumatol. Dec 28;2(1):23.

Norman P. (2014): Selective JAK inhibitors in development for rheumatoid arthritis. Expert Opin Investig Drugs.
Aug 12;23(8):1067-77.

Ferreira S, Guttman-Yassky E, Torres T. (2020): Selective JAK1 Inhibitors for the Treatment of Atopic Dermatitis:
Focus on Upadacitinib and Abrocitinib. Am ] Clin Dermatol. Dec 10;21(6):783-98.

Guttman-Yassky E, Teixeira HD, Simpson EL, Papp KA, Pangan AL, Blauvelt A, et al. (2021): Once-daily
Upadacitinib versus placebo in adolescents and adults with moderate-to-severe atopic dermatitis (Measure Up 1
and Measure Up 2): results from two replicate double-blind, randomised controlled phase 3 trials. The Lancet.
Jun;397(10290):2151-68.

ABR Vol 15 [4] July 2024 278|Page © 2024 Author



43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Eichenfield LF, Tom WL, Berger TG, Krol A, Paller AS, Schwarzenberger K, et al. (2014): Guidelines of care for the
management of atopic dermatitis. ] Am Acad Dermatol. Jul;71(1):116-32.

Simpson E, Bissonnette R, Eichenfield LF, Guttman-Yassky E, King B, Silverberg ]I, et al. (2020): The Validated
Investigator Global Assessment for Atopic Dermatitis (vIGA-AD): The development and reliability testing of a
novel clinical outcome measurement instrument for the severity of atopic dermatitis. ] Am Acad Dermatol.
Sep;83(3):839-46.

Reich K, Teixeira HD, de Bruin-Weller M, Bieber T, Soong W, Kabashima K, et al. (2021): Safety and efficacy of
Upadacitinib in combination with topical corticosteroids in adolescents and adults with moderate-to-severe
atopic dermatitis (AD Up): results from a randomised, double-blind, placebo-controlled, phase 3 trial. The
Lancet. Jun; 397(10290):2169-81.

Silverberg ]I, de Bruin-Weller M, Bieber T, Soong W, Kabashima K, Costanzo A, et al. (2022): Upadacitinib plus
topical corticosteroids in atopic dermatitis: Week 52 AD Up study results. Journal of Allergy and Clinical
Immunology. Mar 1; 149(3):977-987.e14.

Fonseca D, Nogueira M, Torres T. (2023): Upadacitinib for the treatment of psoriatic arthritis. Drugs Context. Feb
28;12:1-13.

Akpabio A, Adebajo A. (2022): Evaluating Upadacitinib for the treatment of psoriatic arthritis. Expert Opin
Pharmacother. Jan 22;23(2):169-73.

Ogdie A, Weiss P. (2015): The Epidemiology of Psoriatic Arthritis. Rheumatic Disease Clinics of North America.
Nov;41(4):545-68.

Scotti L, Franchi M, Marchesoni A, Corrao G.(2018): Prevalence and incidence of psoriatic arthritis: A systematic
review and meta-analysis. Semin Arthritis Rheum. Aug;48(1):28-34.

Fiocco U, Accordi B, Martini V, Oliviero F, Facco M, Cabrelle A, et al. (2014): JAK/STAT/PKC8 molecular pathways
in synovial fluid T lymphocytes reflect the in vivo T helper-17 expansion in psoriatic arthritis. Immunol Res. Jan
3;58(1):61-9.

Raychaudhuri SK, Abria C, Raychaudhuri SP. (2017): Regulatory role of the JAK STAT kinase signalling system on
the IL-23/IL-17 cytokine axis in psoriatic arthritis. Ann Rheum Dis. Oct;76(10):e36-e36.

Marzaioli V, Canavan M, Floudas A, Wade SC, Low C, Veale DJ, et al. (2020): Monocyte-Derived Dendritic Cell
Differentiation in Inflammatory Arthritis Is Regulated by the JAK/STAT Axis via NADPH Oxidase Regulation.
Front Immunol. Jul 7;11.

Kubo S, Yamaoka K, Kondo M, Yamagata K, Zhao ], Iwata S, et al. (2014): The JAK inhibitor, tofacitinib, reduces
the T cell stimulatory capacity of human monocyte-derived dendritic cells. Ann Rheum Dis. Dec;73(12):2192-8.
De Wilde K, Martens A, Lambrecht S, Jacques P, Drennan MB, Debusschere K, et al. (2017): A20 inhibition of
STAT1 expression in myeloid cells: a novel endogenous regulatory mechanism preventing development of
enthesitis. Ann Rheum Dis. Mar;76(3):585-92.

Ogdie A, Weiss P. (2015): The Epidemiology of Psoriatic Arthritis. Rheumatic Disease Clinics of North America.
Nov;41(4):545-68.

Mclnnes IB, Anderson JK, Magrey M, Merola JF, Liu Y, Kishimoto M, et al.(2021): Trial of Upadacitinib and
Adalimumab for Psoriatic Arthritis. New England Journal of Medicine. Apr 1;384(13):1227-39.

Mease PJ, Lertratanakul A, Anderson JK, Papp K, Van den Bosch F, Tsuiji S, et al. (2021): Upadacitinib for psoriatic
arthritis refractory to biologics: SELECT-PsA 2. Ann Rheum Dis. Mar; 80(3):312-20.

Muensterman E, Engelhardt B, Gopalakrishnan S, Anderson JK, Mohamed MF. (2022): Upadacitinib
pharmacokinetics and exposure-response analyses of efficacy and safety in psoriatic arthritis patients - Analyses
of phase Il clinical trials. Clin Transl Sci. Jan 27;15(1):267-78.

Klunder B, Mohamed MEF, Othman AA. (2018): Population Pharmacokinetics of Upadacitinib in Healthy Subjects
and Subjects with Rheumatoid Arthritis: Analyses of Phase I and II Clinical Trials. Clin Pharmacokinet. Aug
26;57(8):977-88.

Klunder B, Mittapalli RK, Mohamed MEF, Friedel A, Noertersheuser P, Othman AA.(2019): Population
Pharmacokinetics of Upadacitinib Using the Immediate-Release and Extended-Release Formulations in Healthy
Subjects and Subjects with Rheumatoid Arthritis: Analyses of Phase I-III Clinical Trials. Clin Pharmacokinet. Aug
3;58(8):1045-58.

Nader A, Stodtmann S, Friedel A, Mohamed MF, Othman AA. (2020): Pharmacokinetics of Upadacitinib in
Healthy Subjects and Subjects with Rheumatoid Arthritis, Crohn’s Disease, Ulcerative Colitis, or Atopic
Dermatitis: Population Analyses of Phase 1 and 2 Clinical Trials. The Journal of Clinical Pharmacology. 2020 Apr
7;60(4):528-39.

Copyright: © 2024 Author. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

ABR Vol 15 [4] July 2024 279|Page © 2024 Author




